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Light induced oxidation is one of the main factors limiting shelf life of milk. Exposure to 47 visible light leads to off-flavors related to oxidation of proteins and lipids due to excitation of 48 photosensitizers among which riboflavin has been recognized to play a major role (Bradley, 49 Lee and Min, 2003) . Riboflavin and beta-carotene are the two most prominent light 50 absorbers in milk. They are present in full fat cow milk (typically 3.5 % fat) at the 51 approximate concentrations 141μg/100g and 20μg/100g, respectively (Lindmark-Månsson, 52 Fondén, & Petterson, 2003) , and consequently they absorb light at about the same level in 53 the violet and blue region (400-500 nm) of the visible spectrum (Airado-Rodríguez, 54 Intawiwat, Skaret, & Wold, 2011) . Of the two absorbers, only riboflavin is a photosensitizer 55 contributing to photochemical reactions leading to photooxidation. Beta-carotene absorbs 56 light in the same region as riboflavin, and it has therefore been suggested to protect against 57 photooxidation since less light then reaches riboflavin (Skibsted, 2000; Airado et al., 2011) . 58 Beta-carotene also works as a quencher of the highly reactive singlet oxygen (Foote, 1968) . Riboflavin is typically a type I photo sensitizer, thus generating radicals either by abstraction 77 of an H-atom or donation of an electron through a direct reaction with double bonds in 78 proteins and lipids (Foote, 1968; Foote, 1976 ; Huvaere, Cardoso, Homem-de-Mello, 79 Westermann, & Skibsted, 2010), whereas e.g. chlorophylls act primarily as type II sensitizer 80 with the generation of the highly reactive singlet oxygen as a result (Foote, 1968) . Singlet 81 oxygen has also been detected after riboflavin induced photooxidation in skim milk (Bradley, An action spectrum is defined as the efficiency with which electromagnetic radiation 90 produces a photochemical reaction plotted as a function of the wavelength of the radiation.
91
The action spectrum of a material is usually quite similar to its absorption spectrum, but not 92 always. It depends on the absorption spectrum of the photoactive compounds, but will also The objective of the work presented in this article was to experimentally obtain the action 99 spectrum in the visible range for photooxidation in full fat bovine milk. As a response for 100 photooxidation we used sensory analysis and headspace SPME-GC-MS. In the second experiment the gas in the headspace was air or argon. The sealed black trays 149 were covered on top with black carton with a 5 cm diameter circular whole in the middle.
150
Over this hole, optical filters were placed to generate light of different wavelengths. The storage experiment was run over two days. were included. These samples were analyzed with SPME-GC-MS and front face fluorescence 173 spectroscopy. Samples stored in air were not measured due to limited resources. and in the 550-700 nm range. Especially in the region 600-700 nm, the sunlight odor scores 300 are higher for samples stored in argon compared to those stored in air. Only at 650 nm the 301 score was significantly higher for argon. Much the same was the case for acidulous odor; at 302 650 nm the acidulous score was significantly lower for the sample stored in argon.
303
Results for rancid odor and flavor are not shown since these scores were very low, and no 304 significant differences between storage conditions were found. Milk treated the same way was subjected to analysis by SPME/GC-MS but very low signals 307 were obtained and no significant differences were found between exposed samples and the 400, 550, and 600 nm whereas the levels at 450-500 nm were the same for the dark control 314 (Fig. 3A) . The levels were also lower at wavelengths >600 nm. The generation of 1-pentanol 315 thus resembles the generation of sunlight flavor whereas the levels of hexanal were lower 316 with higher standard deviations at all wavelengths and the curvature was less clear (Fig. 3B) . and illustrated relatively to the content in the dark controls ( Fig. 5A-B) . Loss of Chl was 335 observed for all investigated wavelengths but more at 600-650 nm than at 400-550 nm and 336 at 700 nm. PpIX loss was highest at 400 nm and lowest at 700 nm. The photobleaching of 337 riboflavin was also measured by fluorescence at 530 nm (Fig. 5C ). Riboflavin absorbs in the 
